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Competitive sports can place an athlete with a cardiovascular 
abnormality at medic4 risk because of an increase in work load 
on the heart or stress on the va.scular system caused by increases 
in blood flow and pressure and increased body temperature. This 
may bc reflected in an increased risk for sudden death, lifc- 
threatening cardiovascular alterations or disease: progression. 
es of Exercise 
Sports can bc classified according to the type and intensity 
of excrcisc performed and also with regard to the danger of 
bodily injury from collision or the consequences of syncope 
(I-3). Exercrse can be divided into two broad types: dynamic 
and static (4,5). Dynamic euxise involves changes in muscle 
lengtn and joint movement with rhythmic contractions that 
develop a relatively small intramuscular force; static awciw 
involves development of a relatively large intramuscular force 
with little or no change in muscle length or joint movement. 
These two types of exercise should be thought of as the two 
extremes of a continuum, with most physical activity having 
both static and dynamic components. For example. distance 
running has principally low static and high dynamic demands, 
whereas water skiing has principally high static and low 
dynamic demands. 
Dynamic exercise performed with a large muscle mass 
causes a marked increase in oxygen consumption (Fig. 1). 
There is a substantial increase in cardiac output, heart rate, 
stroke volume and systolic blood pressure; a moderate increase 
in mean arterial pressure: and a decrease in diastolic blood 
pressure. Also, there is a marked decrease in total peripheral 
resistance. Static exercise, on the other hand, causes a small 
increase in oxygen consumption, cardiac output and heart rate 
and no change in stroke volume (Fig. 1). Also, there is a 
marked increase in systolic, diastolic and mean arterial pres- 
sure and no appreciable change in total peripheral resistance. 
ThUS, @UUUiC CXCtiSC primi@ cauSCS a VOhmC lOad on the 
left ventricle, whereas static exercise causes a pressure load on 
the cardiovzuscular system. The cardiovascular responses during 
dyrtamii exercise of a small muscle mass at low resistance or 
during dynamic exercise of a large muscle mass at high resistance 
are similar to the responses during static exercise (6). 
The terms dynamic and sruric exercise, characterize activity 
on the basis of the mechanical action involved and are different 
from the terms (~~~~~~~i~ and ~~~l~~~~~~)i(* exercise. which charac- 
tcrize activity on the basis of the type of metabolism. Most high 
intensity static exercise is performed primarily aoaerobically, 
whereas high intensity dynamic excrcisc lastiog for more than 
several minutes is p~rf~)r~lc~ ~ri~n~~rily aerobically. Howcvcr, 
dynamic exercise, such as sprinting or jumping. is pcrformcd 
primarily anaerobically. Thus, 11 wide variety of sports are 
placed in the high dynamic category, including such diverse 
activities as skiing (cross-country), running (ilistimcc), soccer 
and squash. Because the cardiovascular demands of very high 
resistance dynamic exercise are similar to sustained static 
exercise, those sports that have either a sustained static 
component or a very high rcsistancc dynamic component arc 
classihcd togcthcr as high intensity static cxcrcisc (weight 
lifting, mmnastics itnd field CWIIIS Ithrowing/). 
Athletes who participate in sports with a high dynamic 
component have a larger absolute left ventricular mass and 
chamber size (eccentric hypcrtrophy) than scdcntary subjects 
(7,X). This ccccntric hypcrtrophy develops gradually and cor- 
relates with maximal oxygen uptake (8). Athletes who partic- 
ipate in sports with a high static component also have a larger 
left ventricular mass but no increase in chamber size (concen- 
tric hypertrophy) 47,8). This concentric hypertrophy is not 
associated with a high m‘aximal oxygen uptake. Athletes who 
participate in sports with both high dynamic and high static 
demands (e.g., rowing and cycling) have a combination of 
eccentric and concentric hypertrophy. 
Both dynamic and static exercise change several factors that 
are important in determining myncardial oxygen demand: heart 
rate, wall tension and contractile state of the ventricle (9,lO). Wall 
tension is affected by pressure development and ventrlcu!er 
volume. In high intensity dynamic exercise, there is a large 
increase in heart rate and an increase in stroke volume that is 
achieved by both an increase in end-diastolic volume (Frank- 
Starling mechanism) and a decrease in end-systolic vtilume (in- 
creased contractile state). in high intensity static exercise there is 
a smaller increase in heart rate and little change in end-diastolic 
and end-systolic volumes of the left ventricle. However, arterial 
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Figure 1. Cardiac rcspouse to cxcrcisc. Panel A, Response to dynamic 
cxcrcisc of progressively increasing work load lo maximal oxygen con- 
sumption. Panel B, Response to a static handgrip contraction at 30% 
maximal voluntary contraction. ABP (mm Hg) = systolic, mean and 
diastolic arterial blood pressures: HR (bpm) = heart rate (beats/min); Q 
(Vmin) = cardiac output (liters/min); SV (m&eat) = stroke volume; TPR 
(PRU) = total peripheral resistance in peripheral resistance units; V02 
(ml/min/kg) = ovgen consumption (ml/miu X body weight in kg). From 
Mitchell JH, Raven PB. Cardiovascular adaptation to physical activity. In: 
Bouchard C, Shephard RJ, Stephens T, editors. Physical Activity, Fitness 
and Health: International Proceedings and Consensus Statement (Figure 
17.2). Champaign (IL): Human Kinetics Publishers. Copyright 1994 by 
Human Kinetics Publishers, Inc. Reprinted by permission. 
pressure and contractile state of the ventricle are increased. Thus, 
both dynamic and static exercise cause increases in factors that 
are important in determining myocardial oxygen demand. 
A classification of sports is provided in Table 1, which With the modern application of exercise science to competi- 
classifies individual sports according to the two general types of tive sports, training for competition can be more demanding on 
exercise: dynamic and static (4-6). Each sport is classified by the cardiovascular system than the competition itself. For some 
the level of intensity (low, medium, 
cause of the p~obab~~i~ 
of bard impact between competitors or between a competitor 
and an object and the degree of risk posed to the athlete or 
others if sudden syncope occurred. Thus, in terms of their 
dynamic and static demands, sports can be classified (see Table 
I) as lIIC (high static, high dynamic), IIB (moderate static, 
moderate dynamic), IA (low static, Pow dynamic), and so forth. 
For example, an athlete with a cardiovascular disorder that 
contraindicates a sport that produces a high pressure load on 
the left ventricle may be advised to avoid sports classified as 
MA, ll?B and IIIC. It should be emphasized that in terms of 
the classification of sports matrix presented in Table 1, cardio- 
vascular abnormalities designated as compatible with a high 
cvel of intensity in any particular category also (by definition) 
permit levels of lesser intensity. For example, if class IC is 
appropriate (low static//$/~ dynamic), then so are classes IA 
and IB (low slatic/low and mod~rare dynamic). 
There are important limitations to the classifi&on of sports 
according to the type and intensity of exercise performed, as 
prcscntcd in Table 1. For example, it does not consider the 
emotional stress that an athlete experiences during a competitive 
event, the effects of environmental factors or the specific training 
regimen used by the athlete. Also, for team sports the classifica- 
tion is based on the highest cardiovascular demands that are 
experienced during competition and does not consider the car- 
diovascular demands of a specific position. For example, there are 
large differences in the cardiovascular demands required during 
soccer competition for a midfielder compared with a goalkeeper. 
During all athletic competition the emotional involvement of 
the athlete can substantially increase sympathetic drive, and the 
resulting catecholamine concentrations can increase blood pres- 
sure, heart rate and myocardial contractility, thereby increasing 
myocardial oxygen demand. Also, the increase in sympathetic 
tone can cause arrthymias and may aggravate existing myocardial 
ischemia. Thus, even in sports such as golf or riilety, which have 
low myocardial oxygen demands due to the exercise required, 
substantial increases may occur because of emotional involve- 
ment during competition. This problem needs to be considered in 
determining the eligibility for sports participation of athletes with 
existing cardiovascular abnormalities. 
Environmental exposure during athletic competition or train- 
ing needs to be considered. Performance at high altitudes or 
under water may decrease oxygen availability, whereas hot or cold 
temperatures and high humidity can increase myocardial work 
load for the same intensity of exercise. Another environmental 
factor that needs to be considered is air pollution, especially 
elevated carbon monoxide levels, in a sport such as auto racing. 
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TV 1. Cft&fj&jon of Sports (based on peak dynamic and static components during competition) 
A. Low Dynamic B. Moderate Dynamic 
1. Low static Billiards Baseball 
Bowling Softball 
Cricket Table tennis 
Curling Tennis (doubles) 
Golf Volleyball 
Ritlety 
C. High Dynamic 
Badminton 
Cmss-country skiing (classic technique) 
Field hockey* 
Orienteering 
Race walking 
Racquetball 
Running (long distance) 
Soccer’ 
Squash 
Tennis (singles) 
II. Moderate Static Archcry 
Auto racing*t 
Diving’t 
Equertrian*t 
Motorcycling? 
Fencing 
Field events (jumping) 
Figure skating’ 
Football (American)* 
Rodroing*P 
RUgby* 
Running (sprint) 
Surting*S 
Synchronized swimming* 
asketball’ 
Jcc hockcv” 
Cross-country skiing (skating technique) 
Football (Aostrahan rules) 
Lacmssc” 
Running (middle distance) 
Swimming 
Team hmdball 
111. Hii static BobsleddingY 
Field events (throwing) 
Gymnasticset 
Karate/judo* 
Luge*t 
Sailing 
Rock climbing? 
Waterskiing*t 
Weight lifting*t 
Windsurfing*t 
Body building? 
Downhill skiing*? 
Wrestling* 
Boxing* 
Canoeing/kayaking 
Cycling* t 
Decathlon 
Rowing 
Speed skating 
*Danger of bodily collision. tIncreased risk if syncope occurs. 
sports the training program requires a different type and in- 
creased intensity of exercise and thereby stress to the cardiovas- 
cular system. Many trainin retimens now use heavy resistance 
dynamic orstatic exercise) for 
in sports hat do not include heavy 
during competition (e.g., tennis, 
. In some cases, where it is found acceptable forthe 
in the competitive aspect ofa specific sport 
is considered too vigorous, it 
he training so as to reduce the 
scular stress to an acceptable level. 
*cause our knowledge of the relative risks of the cardio- 
vase&r demands of static and dynamic exercise for athletes 
rious cardiovascular abnormalities s incomplete, this 
ation of sports must be regarded as largely theoretic. 
Nevetheless, it represents a reasonable estimate of the rela- 
tive risks involved with various competitive sports and should 
have practical value. 
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